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(54) Method and transmitting orthogonal frequency division multiplexed (OFDM) signals and 
receiver thereof 



(57) An orthogonal frequency division multiplexing 
signal transmitted from the transmitting end to the re- 
ceiving end intermittently includes a particular symbol 
SO having a predetermined particular pattern in addition 
to a symbol Sm including data to be transmitted. At the 
receiving end, the variation in the receiving level and/or 
the variation in the frequency band of a received signal 
are detected and corrected on the basts of the received 
particular symbol SO. Since the particular symbol SO 
has a particular pattern, the variation in the level and/or 
the variation in the frequency are strongly correlated 
with the variation in the receiving level and/or the vari- 
ation in the frequency band of the received signal. Con- 
sequently, the variation in the receiving level and/or the 
variation in the frequency band of the received signal 
can be accurately detected from the particular symbol 
SO and consequently high-precision correction can be 
made. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 



The present invention relates generally to a method 
of transmitting an orthogonal frequency division multi- 
plexing signal and a receiver thereof, and more partic- 
ularly to a method of transmitting an orthogonal fre- 
quency division multiplexing signal for each symbol hav- 
ing a predetermined length from the transmitting end to 
the receiving end through a predetermined transmission 
line, and a receiver thereof. 

Description of the Background Art 

In recent years, communication using an orthogo- 
nal frequency division multiplexing (hereinafter referred 
to as OFDM) signal has been paid attention to in mobile 
digital sound broadcasting, ground digital television 
broadcasting or the like. The reason for this is that the 
OFDM signal has high frequency utilization efficiency, 
and allows a large amount of data to be transmitted at 
high speed, so that its characteristics are hardly degrad- 
ed by a reflected wave even if there is no waveform 
equalizer. In addition, its signal waveform is in a shape 
close to random noise, whereby another service is not 
easily subjected to radio interference. A transmission 
system using an OFDM signal having such properties 
is disclosed in Japanese Patent Laying-Open No. 
167633/1993 (hereinafter referred to as first prior art), 
"Next generation home service exceeds television" de- 
scribed on pages 101 to 124 in Nikkei Electronics (no. 
574) issued in February 15, 1993 (hereinafter referred 
to as second prior art), and "OFDM system and its de- 
velopment" written by Masanori Saito in NHK Science 
and Technical Research Laboratories, Tokyo on pages 
1 to 1 5 in materials of El AJ technical seminar dated Sep- 
tember 14, 1994 (hereinafter referred to as third prior 
art). 

Fig. 11 is a diagram showing the structure of a con- 
ventional OFDM signal, where Fig. 11 (a) shows respec- 
tive symbols of an OFDM signal along the time axis, and 
Fig. 11 (b) shows a portion a shown in Fig. 11 (a) in an 
enlarged manner. As shown in Fig. 1 1 (a), an OFDM sig- 
nal S is constructed by arranging symbols Sm (m = 1, 
2, ...) along the time axis. Each of the symbols Sm is 
constructed by respectively subjecting a plurality of 
(tens to thousands of, for example, 512) carriers which 
are orthogonal in the symbol time duration ts, where 
each of carriers is modulated by using a digital modula- 
tion (e.g., QPSK (Quadrature Phase Shift Keying) mod- 
ulation or 16QAM (Quadrature Amplitude Modulation)), 
which is modulated by data to be transmitted, and 
OFDM symbols are generated by multiplexing the mod- 
ulated carriers on the frequency axis by using an inverse 
FFT (fast Fourier transform) operation. Therefore, each 



EP 0 722 235 A2 



of the symbols Sm exhibits a random amplitude distri- 
bution, as shown in Fig. 1 1 (b). The OFDM signal S takes 
the form of a complex signal in which a real part and an 
imaginary part are superposed with respect to each of 
s the symbols Sm on a transmission line. 

Such an OFDM signal is sent from the transmitting 
end to the receiving end through a wire or radio trans- 
mission line. In the wire transmission line, its occupied 
frequency band is limited from its transmission charac- 

10 teristics. On the other hand, in the radio transmission 
line, its occupied frequency band is limited by the law 
and regulation. Therefore, at the transmitting end, the 
OFDM signal is converted into an OFDM signal in the 
occupied frequency band of the transmission line from 

*5 an OFDM signal in an intermediate frequency band. On 
the other hand, at the receiving end, the received OFDM 
signal is converted into an OFDM signal in an interme- 
diate frequency band for demodulating operation from 
an OFDM signal in the occupied frequency band of the 

20 transmission line in demodulating data. 

The above-mentioned first prior art discloses a re- 
ceiver comprising a band-pass filter, frequency convert- 
er and a lowpass filter for converting an OFDM signal 
transmitted from the transmitting end into an OFDM sig- 

2S nal in a base band, an analog-to-digital (A/D) converter 
for sampling the OFDM signal in the base band and con- 
verting the sampled OFDM signal into a digital signal, 
an FFT demodulator for subjecting time axis data to 
Fourier transform to obtain data on the frequency axis 

30 for each carrier, a signal point coordinate judging circuit 
for judging the amplitude and the phase on a complex 
plane for each carrier to obtain complex data, a received 
data coupling circuit for converting the complex data into 
digital data and coupling the data depending on the 

35 number of bits transmitted by each carrier to produce a 
bit stream, and a deinterleave matrix and error-correct- 
ing code circuit for obtaining received data by subjecting 
the bit stream to deinterleave and error correction. 
The above-mentioned third prior art discloses a re- 

40 ceiver comprising a band-pass filter, a quadrature de- 
tector and a lowpass filter for converting an OFDM sig- 
nal transmitted from the transmitting end to an OFDM 
signal in a base band, an A/D converter for sampling the 
OFDM signal in the base band and converting the sam- 

45 pied OFDM signal into a digital signal, an FFT demod- 
ulator for subjecting time axis data to Fourier transform 
to obtain data on the frequency axis for each carrier, and 
a parallel-serial converting circuit for converting parallel 
data on the frequency axis into serial data to obtain re- 

50 ceived data. 

Fig. 1 2 is a block diagram showing the construction 
of a receiver of an OFDM signal which is easily analo- 
gized from the first prior art and the third prior art. In Fig. 
12, the receiver comprises an input terminal I to which 

55 a received OFDM signal is inputted, a frequency con- 
verter 100, a quadrature detector 300, a Fourier trans- 
former 400, and a demodulated data detector 500. The 
quadrature detector 300 comprises a branching filter 
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301 , detectors 302 and 303, and a carrier recovery de- 
vice 304. 

The OFDM signal in an occupied frequency band 
(its center frequency fr) of a transmission line shown in 
Fig. 11 which is received by the receiver is inputted to 
the frequency converter 100 through the input terminal 
I. The frequency converter 100 shifts only a predeter- 
mined fixed frequency, to convert the OFDM signal in 
the occupied frequency band of the transmission line in- 
to an OFDM signal in an intermediate frequency band 
(its center frequency fc). 

The branching filter 301 in the quadrature detector 
300 divides the OFDM signal outputted from the fre- 
quency converter 100 into two signals, and outputs each 
of the signals obtained by dividing the OFDM signal to 
the detectors 302 and 303. The carrier recovery device 
304 outputs an inphase carrier having a center frequen- 
cy fc to the detector 302, and outputs a quadrature car- 
rier having a center frequency fc to the detector 303. 
The detector 302 multiplies the OFDM signal outputted 
from the branching filter 301 by the inphase carrier, to 
output a real part of the OFDM signal. The detector 303 
multiplies the OFDM signal outputted from the branch- 
ing filter 301 by the quadrature carrier, to output an im- 
aginary part of the OFDM signal. That is, the quadrature 
detector 300 converts the OFDM signal in the interme- 
diate frequency band into an OFDM signal in a base 
band. 

The Fourier transformer 400 collectively subjects 
the real part of the OFDM signal outputted from the de- 
tector 302 and the imaginary part of the OFDM signal 
outputted from the detector 303 to a Fourier transform 
operation, to respectively separate a real part and an 
imaginary part of each of digital modulated waves mul- 
tiplexed on the frequency axis. The demodulated data 
detector 500 maps on a complex plane the real part and 
the imaginary part of each of the digital modulated 
waves, and demodulates data obtained by modulating 
each of the carriers from its mapped position in accord- 
ance with a threshold value set inside thereof, to output 
the demodulated data from an output terminal O. 

Although the above-mentioned OFDM signal is 
transmitted from a transmitter to a receiver through a 
wire or radio transmission line, the OFDM signal is at- 
tenuated in either transmission line. The amount of at- 
tenuation of the OFDM signal varies depending on the 
change in the distance of the radio transmission line, 
while varying depending on, for example, the number of 
branches of the wire transmission line. When the 
amount of attenuation of the OFDM signal varies, the 
receiving level of the OFDM signal varies in the receiver. 
However, the receiver shown in Fig. 12 performs data 
demodulating processing, even if the receiving level of 
the OFDM signal varies, without any correction of the 
variation. In the demodulated data detector 500, there- 
fore, the demodulated data is frequently erroneously 
judged. 

In an FM (Frequency Modulation) receiver or the 



like, there is provided an automatic gain control amplifier 
so adapted as to correct the variation in the receiving 
level on the basis of the variation in an envelope of a 
received signal. It is considered that such a correcting 
5 method is applied to the receiver shown in Fig. 12. In 
the OFDM signal, however, a number of modulated car- 
riers are multiplexed on the frequency axis, whereby the 
patterns of the amplitude and the phase of the OFDM 
signal in each of symbol sections randomly change, un- 

10 like that in an FM signal including a single carrier. There- 
fore, the envelope waveform of the OFDM signal fre- 
quently changes on the time axis. When the automatic 
gain control amplifier is controlled on the basis of such 
an envelope waveform, the gain of the automatic gain 

is control amplifier becomes unstable, whereby stable 
control cannot be carried out. Further, in the OFDM sig- 
nal, data obtained by modulating each of the carriers 
differs from each other, whereby the variation in the en- 
velope waveform and the variation in the receiving level 

20 are not always correlated. Even if the level correcting 
method in the FM receiver is applied to the receiver of 
the OFDM signal, therefore, the variation in the receiv- 
ing level cannot be corrected with high precision. 

Furthermore, in the receiver shown in Fig. 12, the 

25 amount of frequency shift in the frequency converter 1 00 
is fixedly set. Even if the frequency band is shifted, that 
is, the frequency band varies, the variation in the fre- 
quency band cannot be corrected. Therefore, the de- 
modulated data is frequently erroneously judged. 

30 in an AM (Amplitude Modulation) receiver or the 
like, there* is provided a frequency converter so adapted 
as to correct the variation in the frequency band on the 
basis of the variation in frequency discrimination of a 
received signal. It is also considered that such a correct- 

35 ing method is applied to the receiver shown in Fig. 12. 
In the OFDM signal, however, a number of modulated 
carriers are multiplexed on the frequency axis, whereby 
the patterns of the amplitude and the phase of the 
OFDM signal in each of symbol sections randomly 

40 change, unlike that in an AM signal including a single 
carrier. Therefore, a waveform in frequency discrimina- 
tion of the OFDM signal frequently changes on the fre- 
quency axis. When the frequency converter is controlled 
on the basis of such a waveform in frequency discrimi- 

45 nation, the amount of frequency shift of the frequency 
converter becomes unstable, whereby stable control 
cannot be carried out. Further, in the OFDM signal, data 
obtained by modulating each of the carriers differs from 
each other, whereby the variation in the waveform in f re- 

50 quency discrimination and the variation in the amount 
of frequency shift are not always correlated. Even if the 
method of correcting the amount of frequency shift in 
the AM receiver is applied to the receiver of the OFDM 
signal, therefore, the variation in the frequency band 

55 cannot be corrected with high precision. 
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SUMMARY OF THE INVENTION 

An object of the present invention is to provide a 
method of transmitting an orthogonal frequency multi- 
plexing signal and a receiver thereof in which the varia- 
tion in the receiving level can be corrected with high pre- 
cision, and consequently, demodulated data is not erro- 
neously judged. 

Another object of the present invention is to provide 
a method of transmitting an orthogonal frequency mul- 
tiplexing signal and a receiver thereof in which the var- 
iation in the frequency band can be corrected with high 
precision, and consequently, demodulated data is not 
erroneously judged. 

A first aspect of the present invention is directed to 
a method of transmitting an orthogonal frequency divi- 
sion multiplexing signal for each symbol having a pre- 
determined length from the transmitting end to the re- 
ceiving end through a wire or radio transmission line, 
being characterized in that 

the transmitting end 

continuously transmits a first symbol which includes 
data to be transmitted, a multiplexing signal of the 
data randomly changing, and 
intermittently transmits a second symbol having a 
predetermined particular pattern every time a pre- 
determined number of first symbols are transmitted, 
and 

the receiving end 

demodulates data on the basis of the received first 
symbol, and 

corrects the variation in the receiving level on the 
basis of the received second symbol. 

As described in the foregoing, in the first aspect, the 
second symbol having a predetermined particular pat- 
tern is intermittently inserted into the first symbols in- 
cluding data to be transmitted and is transmitted. At the 
receiving end, the variation in the receiving level is de- 
tected and corrected on the basis of the received second 
symbol. Since the second symbol has a particular pat- 
tern, the change in the level of the symbol is strongly 
correlated with the variation in the receiving level. Con- 
sequently, the variation in the receiving level can be ac- 
curately detected from the second symbol, whereby 
high-precision correction can be made. 

A second aspect of the present invention is directed 
to a receiver for receiving an orthogonal frequency divi- 
sion multiplexing signal transmitted for each symbol 
having a predetermined length from the transmitting end 
through a wire or radio transmission line and demodu- 
lating data from the received orthogonal frequency divi- 
sion multiplexing signal, being characterized in that 

a particular symbol having a predetermined partic- 
ular pattern is intermittently inserted into the orthog- 
onal frequency division multiplexing signal, and 
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comprising 

an automatic gain control amplifying section which 
has a control terminal and whose gain varies de- 
pending on a control signal inputted to the control 
terminal, to change the level of the received orthog- 
onal frequency division multiplexing signal, and 
a control signal outputting section for detecting the 
particular symbol from the orthogonal frequency di- 
vision multiplexing signal whose level has been 
changed by the automatic gain control amplifying 
section and generating a signal corresponding to 
the change in the level of the particular symbol, 
the signal generated by the control signal outputting 
section being fed back as the control signal to the 
automatic gain control amplifying section, to correct 
the variation in the receiving level of the orthogonal 
frequency division multiplexing signal. 



As described in the foregoing, in the second aspect, 

20 the control signal outputting section detects the partic- 
ular symbol from the orthogonal frequency division mul- 
tiplexing signal, to generate a signal corresponding to 
the change in the level of the symbol. The generated 
signal is fed back as a control signal to the automatic 

25 gain control amplifying section. As a result, the variation 
in the receiving level of the orthogonal frequency divi- 
sion multiplexing signal is automatically corrected. Even 
if the receiving level of an OFDM signal varies, data de- 
modulating processing has been conventionally per- 

30 formed without any correction of the variation. On the 
other hand, in the present invention, the variation in the 
receiving level is corrected, whereby the demodulated 
data can be prevented from being erroneously judged. 
In the above-mentioned second aspect, in a pre- 

35 ferred embodiment, the envelope signal of the particular 
symbol is fed as a control signal to the automatic gain 
control amplifying section. Even if synchronization with 
each of the symbols is not achieved in the receiver, 
therefore, the variation in the receiving level can be cor- 

40 rected. 

In the above-mentioned second aspect, in another 
preferred embodiment, the symbol energy signal of the 
particular symbol is fed as a control signal to the auto- 
matic gain control amplifying section. Therefore, the var- 

45 jation in the receiving level can be detected more accu- 
rately. In this case, the energy of the particular symbol 
is preferably obtained by a digital operation. Conse- 
quently, the variation in the receiving level can be de- 
tected more accurately 

50 In the above-mentioned second aspect, in still an- 
other preferred embodiment, when the receiving is start- 
ed or after the operation of the Fourier transforming sec- 
tion is stabilized, the envelope signal of the particular 
symbol or the symbol energy signal of the particular 

55 symbol is fed as a control signal to the automatic gain 
control amplifying section, respectively. Therefore, over 
the entire period from the time when the receiving is 
started, the variation in the receiving level can be cor- 
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rected. 

A third aspect of the present invention is directed to 
a method of transmitting an orthogonal frequency divi- 
sion multiplexing signal for each symbol having a pre- 
determined length from the transmitting end to the re- 
ceiving end through a wire or radio transmission line, 
being characterized in that 

the transmitting end 

continuously transmits a first symbol which includes 
data to be transmitted, a multiplexing signal of the 
data randomly changing, and 
intermittently transmits a second symbol having a 
predetermined particular pattern every time a pre- 
determined numberof first symbols are transmitted, 
and 

the receiving end 

demodulates data on the basis of the received first 
symbol, and 

corrects the variation in the frequency band on the 
basis of the received second symbol. 

As described in the foregoing, in the third aspect, 
the second symbol having a predetermined particular 
pattern is intermittently inserted into the first symbol in- 
cluding data to be transmitted and is transmitted. At the 
receiving end, the variation in the frequency band is de- 
tected and corrected on the basis of the received second 
symbol. Since the second symbol has a particular pat- 
tern, the change in the frequency of the symbol is strong- 
ly correlated with the variation in the change in the fre- 
quency band. Consequently, the variation in the fre- 
quency band can be accurately detected from the sec- 
ond symbol, whereby high-precision correction can be 
made. 

A fourth aspect of the present invention is directed 
to a receiver for receiving an orthogonal frequency divi- 
sion multiplexing signal transmitted for each symbol 
having a predetermined length from the transmitting end 
through a wire or radio transmission line and demodu- 
lating data from the received orthogonal frequency divi- 
sion multiplexing signal, being characterized in that 

a particular symbol having a predetermined partic- 
ular pattern is intermittently inserted into the orthog- 
onal frequency division multiplexing signal, and 
comprising a frequency converting section which 
has a control terminal and whose amount of fre- 
quency shift varies depending on a control signal 
inputted to the control terminal to change the fre- 
quency band of the orthogonal frequency division 
multiplexing signal, and 

a control-signal-outputting section for detecting the 
particular symbol from the orthogonal frequency di- 
vision multiplexing signal whose frequency band 
has been changed by the frequency converting sec- 
tion and generating a signal corresponding to the 
change in the frequency band of the particular sym- 



bol, 

the signal generated by the control-signal-output- 
ting section being fed back as the control signal, to 
correct the variation in the frequency band of the 
5 orthogonal frequency division multiplexing signal. 

As described in the foregoing, in the fourth aspect, 
the control signal outputting section detects the partic- 
ular symbol from the orthogonal frequency division mul- 

10 tiplexing signal, to generate a signal corresponding to 
the change in the frequency band. The generated signal 
is fed back as a control signal to the frequency convert- 
ing section. As a result, the variation in the frequency 
band of the orthogonal frequency division multiplexing 

is signal is automatically corrected. Even if the frequency 
band of an OFDM signal varies, data demodulating 
processing has been conventionally performed without 
any correction of the variation. On the other hand, in the 
present invention, the variation in the frequency band is 

20 corrected, whereby the demodulated data can be pre- 
vented from being erroneously judged. 

In the above-mentioned fourth aspect, in a pre- 
ferred embodiment, a frequency discriminating signal, 
a frequency region energy signal or a peak value fre- 

25 quency signal of the particular symbol is fed as a control 
signal to the frequency converting section. Therefore, 
the variation in the frequency band can be accurately 
detected, whereby high-precision correction can be 
made. 

30 in each of the above-mentioned aspects of the 
present invention, various structures are considered as 
the structure of the particular symbol. For example, a 
signal in which only one carrier is left as a non-modulat- 
ed single tone signal and the other carriers are sup- 

35 pressed may be included. Further, a signal in which only 
one carrier is modulated by predetermined data and the 
other carriers are suppressed may be included. In this 
case, as data used for the modulation, apseudo random 
code is preferably used. When the pseudo random code 

40 is used, the correlation at the receiving end is easily 
achieved. In addition, the data rate of the pseudo ran- 
dom code is preferably selected as integer multiples of 
the symbol rate of the orthogonal frequency division 
multiplexing signal. Consequently, synchronization at 

45 the receiving end is easily achieved. 

The foregoing and other objects, features, aspects 
and advantages of the present invention will become 
more apparent from the following detailed description of 
the present invention when taken in conjunction with the 

so accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 



Fig. 1 is a diagram showing one example of the 
structure of an OFDM signal transmitted from the 
transmitting end in the present invention; 
Fig. 2 is a block diagram showing the construction 
of a receiver according to a first embodiment of the 
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present invention; 

Fig. 3 is a waveform diagram showing signals in 
each of sections of the receiver shown in Fig. 2; 
Fig. 4 is a diagram showing another example of the 
structure of an OFDM signal transmitted from the 
transmitting end; 

Fig. 5 is a block diagram showing the construction 
of a receiver according to a second embodiment of 
the present invention; 

Fig. 6 is a waveform diagram showing signals in 
each of sections of the receiver shown in Fig. 5; 
Fig. 7 is a block diagram showing the construction 
of a receiver according to a third embodiment of the 
present invention; 

Fig. 8 is a waveform diagram for explaining the op- 
eration of a frequency region energy detector 71 
shown in Fig. 7; 

Fig. 9 is a block diagram showing the construction 
of a receiver according to a fourth embodiment of 
the present invention; 

Fig. 1 0 is a waveform diagram showing signals in 
each section of a control signal output device 80 
shown in Fig. 9; 

Fig. 1 1 is a diagram showing the structure of a con- 
ventional OFDM signal transmitted from the trans- 
mitting end; and 

Fig. 1 2 is a block diagram showing the construction 
of a receiver of an OFDM signal which is analogized 
from the first prior art to the third prior art. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Description is now made of embodiments of the 
present invention on the basis of drawings. Fig. 1 is a 
diagram showing one example of the structure of an 
OFDM signal transmitted from the transmitting end to 
the receiving end in the present invention. Particularly, 
Fig. 1 (a) shows respective symbols of the OFDM signal 
along the time axis, and Fig. 1 (b) shows a portion a 
shown in Fig. 1 (a) in an enlarged manner. 

As shown in Fig. 1 (a), an OFDM signal S is con- 
structed by arranging a particular symbol SO for auto- 
matic gain control indicated by hatching and symbols 
Sm (m = 1, 2, ...) for demodulation indicated without 
hatching along the time axis. The symbol SO is inserted 
for each predetermined symbol interval (e.g., for each 
interval of 15 symbols). The OFDM signal S takes the 
form of an analog complex signal in which a real part 
and an imaginary part are superposed with respect to 
each of the symbols SO and Sm on a transmission line. 

Each of the symbols Sm is constructed by multiplex- 
ing (performing an inverse fast Fourier operation of) a 
plurality of (tens to thousands of, for example, 51 2) car- 
riers which differ in frequency (which are orthogonal in 
symbol time ts) on the frequency axis. Each of the car- 
riers is subjected to digital modulation (e.g. , QPSK mod- 
ulation or 1 6QAM) by data to be demodulated at the re- 



ceiving end. Therefore, each of the symbols Sm exhibits 
a random amplitude distribution, as shown in Fig. 1 (b). 

Each of the symbols SO is constructed by perform- 
ing an inverse fast Fourier operation of, for example, a 

5 signal in which one of the plurality of carriers (its fre- 
quency fc, for example) is left as a non-modulated single 
tone signal and the other carriers are suppressed. 
Therefore, each of the symbols SO exhibits an amplitude 
distribution of a particular pattern, as shown in Fig. 1 (b), 

io in such a symbol SO, a time axis component as well as 
a frequency axis component are known. The OFDM sig- 
nal S is transmitted from the transmitting end to the re- 
ceiving end through a wire or radio transmission line (not 
shown). Therefore, the OFDM signal S is attenuated on 
the transmission line. In order to compensate for the at- 
tenuation on the transmission line in demodulating data 
at the receiving end, therefore, the level of the received 
OFDM signal S must be corrected. Such an operation 
of correcting the receiving level of the OFDM signal S is 

20 performed using the symbol SO. The reason for this is 
that the symbol SO always includes a signal of the same 
pattern, whereby the change in the receiving level can 
be accurately measured from the waveform of the sym- 
bol SO. 

25 Fig. 2 is a block diagram showing the construction 
of a receiver according to a first embodiment of the 
present invention. In Fig. 2, the receiver comprises an 
input terminal I to which a received OFDM signal is in- 
putted, a band-pass filter 1, an automatic gain control 

50 amplifier 2, a quadrature detector 3, AID converters 7 
and 8, a Fourier transformer 4, a demodulated data de- 
tector 5, a control signal output device 6, and an output 
terminal 0. The quadrature detector 3 comprises a 
branching filter 31 , detectors 32 and 33, and a carrier 

35 recovery device 34. The control signal output device 6 
comprises an envelope detector 61, a reference timing 
generator 62, a symbol timing synchronizing circuit 64, 
a symbol energy detector 64, a control signal switching 
device 65, a sample-and-hold device 66, and a lowpass 

40 filter 67. 

Fig. 3 is a waveform diagram showing signals in the 
respective sections of the receiver shown in Fig. 2. Re- 
ferring now to Fig. 3, the operations of the receiver 
shown in Fig. 2 will be described. 

45 The OFDM signal (see Fig. 1) received by the re- 
ceiver is converted from an OFDM signal in an occupied 
frequency band of the transmission line to an OFDM sig- 
nal in an intermediate frequency band (its center fre- 
quency fc) by a frequency converter (not shown), after 

50 which the OFDM signal in the intermediate frequency 
band is inputted to the band-pass filter 1 through the 
input terminal I. The band-pass filter 1 removes a signal 
component in an unnecessary band from the OFDM sig- 
nal in the intermediate frequency band, and takes out 

55 only an OFDM signal in a necessary band. The OFDM 
signal outputted from the band-pass filter 1 is fed to the 
quadrature detector 3 through the automatic gain con- 
trol amplifier 2. 
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The branching filter 31 in the quadrature detector 3 
divides the OFDM signal outputted from the automatic 
gain control amplifier 2 into two signals, and outputs the 
each of the signals obtained by dividing the OFDM sig- 
nal to the detectors 32 and 33. The carrier recovery de- 
vice 34 outputs an inphase carrier having a center fre- 
quency fc to the detector 32, and outputs a quadrature 
carrier having a center frequency fc to the detector 33. 
The detector 32 multiplies the OFDM signal outputted 
from the branching filter 31 by the inphase carrier, to 
output a real part of the OFDM signal. The detector 33 
multiplies the OFDM signal outputted from the branch- 
ing filter 31 by the quadrature carrier, to output an im- 
aginary part of the OFDM signal. That is, the quadrature 
detector 3 converts the OFDM signal in the intermediate 
frequency band into an OFDM signal in a base band. 
The AID converter 7 converts the real part of the OFDM 
signal outputted from the detector 32 from an analog sig- 
nal to a digital signal. The A/D converter 8 converts the 
imaginary part of the OFDM signal outputted from the 
detector 33 from an analog signal to a digital signal. 

The Fourier transformer 4 collectively subjects the 
real part of the digital OFDM signal outputted from the 
A/D converter 7 and the imaginary part of the digital 
OFDM signal outputted from the A/D converter 8 to a 
Fourier transform operation, thereby to separate a real 
part and an imaginary part of each of digital modulated 
waves on the frequency axis. The Fourier transformer 
4 has a clock terminal 4c, and starts the adjustment of 
the time axis of a time window used for Fou rier transform 
on the basis of a symbol synchronizing signal outputted 
from the symbol timing synchronizing circuit 63 and 
starts Fourier transform of each of the symbols. The de- 
modulated data detector 5 maps the real part and the 
imaginary part of each of the digital modulated waves 
on a complex plane, and demodulates data obtained by 
modulating each of the carriers from its mapped position 
in accordance with a threshold value set inside thereof. 

The operation mode of the control signal output de- 
vice 6 includes a first mode in which a control signal of 
the automatic gain control amplifier 2 is generated on 
the basis of an envelope waveform of an output signal 
of the quadrature detector 3 and a second mode in 
which a control signal of the automatic gain control am- 
plifier 2 is generated on the basis of the symbol energy 
of an output signal of the Fourier transformer 4. The con- 
trol signal output device 6 is operated in the first mode 
when the receiving of the OFDM signal is started, while 
being operated in the second mode after the operation 
of the Fourier transformer 4 is stabilized (i.e., after it is 
synchronized with a received signal). The operation of 
the control signal output device 6 will be described in 
more detail. 

The envelope detector 61 envelop-detects each of 
the symbols of the OFDM signals which are outputted 
from the detectors 32 and 33, to output an envelope sig- 
nal representing an envelope of the symbol. The enve- 
lope signal outputted from the envelope detector 61 is 



fed to the reference timing generator 62, and is fed to a 
control signal input terminal 65a of the control signal 
switching device 65 through the lowpass filter 67 for 
smoothing the variation. 
5 The reference timing generator 62 previously stores 
single tone data corresponding to a particular pattern of 
the symbol SO inside thereof. The reference timing gen- 
erator 62 finds the correlation between the envelope sig- 
nal outputted from the envelope detector 61 and the 
10 stored single tone data along the time axis for each sym- 
bol, to output a reference timing signal indicating wheth- 
er or not the symbol SO is detected. Specifically, the ref- 
erence timing generator 62 outputs a reference timing 
signal at a high level (at a voltage Vhigh) when the sym- 
is bol SO is detected, while outputting a reference timing 
signal at a low level (at a voltage Vlow) when the symbol 
Sm including no particular pattern is detected, as shown 
in Figs. 3 (a) and 3 (b). The reference timing generator 
62 outputs the reference timing signal at a low level (at 
a voltage Vlow) even when the symbol SO is received 
until its detecting operation is stabilized (synchronized) 
with respect to a received signal (i.e., during an asyn- 
chronous period). The reference timing signal outputted 
from the reference timing generator 62 is inputted to the 
symbol timing synchronizing circuit 63 and a clock^ter- 
minal 66c of the sample-and-hold device 66, respective- 
ly. 

The symbol timing synchronizing circuit 63 outputs 
a symbol synchronizing signal (see Fig. 3 (c)) which is 
synchronized with each of the symbols on the basis of 
the reference timing signal fed from the reference timing 
generator 62. Specifically, the symbol timing synchro- 
nizing circuit 63 comprises a clock circuit inside thereof, 
and outputs a clock pulse (a clock pulse using symbol 
time ts as one period) which is synchronized with the 
head end of each of the symbols, that is, a symbol syn- 
chronizing signal from the clock circuit every time the 
leading edge of the reference timing signal is detected. 
The symbol synchronizing signal is inputted to the clock 
terminal 4c of the Fourier transformer 4 and a clock ter- 
minal 64c of the symbol energy detector 64, respective- 
ly- 

Furthermore, the symbol timing synchronizing cir- 
cuit 63 outputs a lock/unlock signal (see Fig. 3 (d)) on 
the basis of the reference timing signal fed from the ref- 
erence timing generator 62. The lock/unlock signal as- 
sumes its unlocked state at a low level, while assuming 
its locked state at a high level. At the beginning of the 
start of the receiving, the lock/unlock signal is in the un- 
locked state. The symbol timing synchronizing circuit 63 
comprises a counter for counting the clock pulse inside 
thereof, and resets the counter every time it detects the 
leading edge of the reference timing signal. The symbol 
timing synchronizing circuit 63 judges that the adjust- 
ment of the time window in the Fourier transformer 4 is 
completed a state where the internal counter is reset at 
the time point where it reaches a predetermined counted 
value (a symbol interval at which the symbol SO is in- 
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serted, 15 in this case) is repeated a predetermined 
number of times (i.e., if the symbol SO is stably inputted 
a predetermined number of times), to switch the lock/ 
unlocksignal from the unlocked state to the locked state. 
The lock/unlock signal is inputted to a clock terminal 65c 
of the control signal switching device 65. 

The symbol energy detector 64 comprises a digital- 
to-analog (D/A) converter (not shown) inside thereof. 
The symbol energy detector 64 squares and integrates 
(integrates the square of) a signal component of each 
of the carriers on the frequency axis in each of the sym- 
bols outputted from the Fourier transformer 4 in the sym- 
bol period ts by a digital operation in synchronization 
with the symbol synchronizing signal fed from the sym- 
bol timing synchronizing circuit 63, to find the energy of 
the symbol once in terms of a digital value. The found 
digital energy value is converted into an analog value 
by the D/A converter, to output an analog symbol energy 
signal representing the energy of the symbol. This en- 
ergy is directly proportional to the average level of each 
of the symbols. The signal component of each of the 
carries is squared so as to find, because the amplitude 
of the carrier varies on the positive and negative sides 
along the time axis, the absolute value thereof. In addi- 
tion, the signal component of each of the carriers is in- 
tegrated so as to find the average value thereof. The 
symbol energy signal outputted from the symbol energy 
detector 64 is inputted to a control signal input terminal 
65b of the control signal switching device 65. 

The control signal switching device 65 selects the 
envelope signal outputted from the envelope detector 
61 when the lock/unlock signal inputted to the clock ter- 
minal 65c is in the locked state, while selecting the sym- 
bol energy signal outputted from the symbol energy de- 
tector 64 when it is in the unlocked state, and outputs 
the selected signal as a control signal of the automatic 
gain control amplifier 2. 

The sample-and-hold device 66 samples and holds 
the control signal selected by the control signal switch- 
ing device 65 when the reference timing signal at a volt- 
age Vhigh is inputted from the reference timing gener- 
ator 62 to the clock terminal 66c, that is, when the par- 
ticular symbol SO is outputted from the automatic gain 
control amplifier 2. The control signal held by the sam- 
ple-and-hold device 66 is fed to a control terminal 2c of 
the automatic gain control amplifier 2. The gain A of the 
automatic gain control amplifier 2 varies depending on 
the voltage level of the control signal fed from the sam- 
ple-and-hold device 66. 

When the receiving level of the OFDM signal is in- 
creased, the level of the envelope signal or the symbol 
energy signal of the symbol SO is also increased in pro- 
portion to the increased receiving level, whereby the 
voltage level of the control signal fed to the automatic 
gain control amplifier 2 is increased. At this time, the 
automatic gain control amplifier 2 decreases the gain A 
so as to decrease the level of the received OFDM signal. 
On the other hand, when the receiving level of the 



OFDM signal is decreased, the level of the envelope sig- 
nal or the symbol energy signal of the symbol SO is also 
decreased in proportion to the decreased receiving lev- 
el, whereby the voltage level of the control signal fed to 
5 the automatic gain control amplifier 2 is decreased. At 
this time, the automatic gain control amplifier 2 increas- 
es the gain A so as to increase the level of the received 
OFDM signal. As a result, the automatic gain control am- 
plifier 2 can correct the variation in the receiving level of 
io the OFDM signal to a suitable level. 

The symbol energy signal is the energy of each of 
the symbols SO, and is found by a digital operation, 
whereby the symbol energy signal includes few errors. 
On the other hand, the envelope signal is an envelope 
*s connecting vertexes of the waveform of each of the sym- 
bols SO, whereby the envelope signal includes the dif- 
ference between the waveform and the envelope of the 
symbol SO as an error. Moreover, the envelope signal 
requires filtering processing (performed by the lowpass 
20 filter 67) because it is used as a control signal of the 
automatic gain control amplifier 2, whereby an error also 
occurs in the filtering processing. Therefore, the control 
precision of the gain of the automatic gain control am- 
plifier 2 in a case where the symbol energy signal is used 
25 can be improved more than that in a case where the 
envelope signal is used. 

The Fourier transformer 4 starts the adjustment of 
the time axis of the time window used for Fourier trans- 
form when the symbol synchronizing signal is outputted 
30 from the symbol timing synchronizing circuit 63. How- 
ever, it takes long to adjust the time axis of the time win- 
dow. When the receiving of the OFDM signal is started, 
therefore, a state where the time window and the re- 
ceived symbol are not synchronized (i.e., a state where 
35 the time window is set across a plurality of symbols ad- 
jacent to each other) may occur. In such a state, the nor- 
mal operations of the Fourier transformer 4 and the sym- 
bol energy detector 64 are not ensured. 

Therefore, the control signal output device 6 con- 
40 trols the gain of the automatic gain control amplifier 2 in 
the first operation mode, that is, on the basis of the en- 
velope signal of the symbol SO for some time after start- 
ing the receiving of the OFDM signal (until the adjust- 
ment of the time axis of the time window of the Fourier 
45 transformer 4 is completely terminated). Thereafter, the 
control signal output device 6 controls the gain of the 
automatic gain control amplifier 2 in the second opera- 
tion mode, that is, on the basis of the symbol energy 
signal of the symbol SO. 
50 As described in the foregoing, according to the em- 
bodiment shown in Fig. 2, the particular symbol SO is 
periodically detected by the reference timing generator 
62, and the envelope signal or the symbol energy signal 
of the symbol SO is sampled and held by the sample- 
rs and-hold device 66 and is fed back to the control termi- 
nal 2c of the automatic gain control amplifier 2, whereby 
the precision of the gain control of the automatic gain 
control amplifier 2 can be improved. In addition, the at- 
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tenuation on the transmission line is compensated for 
by the gain control, that is, the receiving level is correct- 
ed, whereby demodulated data can be prevented from 
being erroneously judged. 

Although in the above-mentioned embodiment, the s 
symbol SO is inserted at intervals of 15 symbols, the 
symbol SO may be inserted at the other intervals of sym- 
bols. Further, although in the above-mentioned embod- 
iment, the symbol SO is constructed by using only one 
carrier as a non-modulated single tone signal and sup- 10 
pressing the other carriers, the symbol SO may be con- 
structed by another method, provided that it is a signal 
whose time axis component and frequency axis compo- 
nent are known and whose amplitude and phase along 
the time axis are changed in predetermined particular is 
patterns. For example, the amplitude of one carrier may 
be modulated by a plurality of known data (e.g., data of 
"1 " and data of B 2"). In this case, slight irregularities oc- 
cur in the envelope of the envelope signal outputted 
from the envelope detector 61. Since the irregularities 20 
are smoothed by the lowpass filter 67, however, the en- 
velope signal can be used as a control signal. 

Furthermore, although in the above-mentioned em- 
bodiment, the OFDM signal in the base band outputted 
from the quadrature detector 3 is inputted to the enve- 2s 
lope detector 61 , an output of any one of the automatic 
gain control amplifier 2 and the subsequent sections, 
that is, the automatic gain control amplifier 2, the A/D 
converters 7 and 8, and the Fourier transformer 4 may 
be inputted to the envelope detector 61 . 30 

Although in the above-mentioned embodiment, the 
output of the Fourier transformer 4 is inputted to the 
symbol energy detector 64, an output of any one of the 
automatic gain control amplifier 2 and the subsequent 
sections, that is, the automatic gain control amplifier 2, 35 
the quadrature detector 3, and the AID converters 7 and 
8 may be inputted to the symbol energy detector 64. 

Although in the above-mentioned embodiment, the 
AID converters 7 and 8 are provided, they may be de- 
leted to perform Fourier transform and symbol energy 40 
detection with the OFDM signal being analog. 

Furthermore, although in the above-mentioned em- 
bodiment, the control signal output device 6 is so con- 
structed as to be operated in two operation modes, it 
may be so constructed as to be operated only in the first 45 
operation mode. In this case, the control signal output 
device comprises only the envelope detector 61 , the ref- 
erence timing generator 62, and the sample-and-hold 
device 66. 

Additionally, the control signal output device 6 may so 
be so constructed as to be operated only in the second 
operation mode. In this case, the control signal output 
device comprises only the envelope detector 61 , the ref- 
erence timing generator 62, the symbol timing synchro- 
nizing circuit 63, the symbol energy detector 64 and the ss 
sample-and-hold device 66. 

Fig. 4 is a diagram showing another example of the 
structure of the OFDM signal transmitted from the trans- 
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mining end to the receiving end in the present invention. 
Particularly, Fig. 4 (a) shows respective symbols of the 
OFDM signal along the time axis, and Fig. 4 (b) shows 
a portion a shown in Fig. 4 (a) in an enlarged manner. 

As shown in Fig, 4 (a), an OFDM signal S is con- 
structed by arranging a particular symbol SO for control- 
ling frequency conversion indicated by hatching and 
symbols Sm (m = 1, 2, ...) for demodulation indicated 
without hatching along the time axis. The symbol SO is 
inserted for each predetermined symbol interval (e.g., 
at intervals of 15 symbols). The OFDM signal S takes 
the form of a complex signal in which a real part and an 
imaginary part are superposed with respect to each of 
the symbols SO and Sm on the transmission line. 

Each of the symbols Sm is constructed by multiplex- 
ing (executing an inverse fast Fourier operation of) a plu- 
rality of (tens to thousands of, for example, 512) carriers 
which differ in frequency (which are orthogonal in sym- 
bol time ts) on the frequency axis. Each of the carriers 
is subjected to digital modulation (e.g., QPSK modula- 
tion or 1 6QAM) by data to be demodulated at the receiv- 
ing end. Therefore, each of the symbols Sm exhibits a 
random amplitude distribution, as shown in Fig. 4 (b). 

Each of the symbols SO is constructed by executing 
an inverse fast Fourier operation of a signal in whiclrone 
of the plurality of carriers (its frequency fc, for example) 
is left as a pseudo random signal by amplitude modula- 
tion using a binary (e.g., "1" and "2") pseudo random 
code and the other carriers are suppressed. Therefore, 
each of the symbols SO exhibits an amplitude distribu- 
tion of a particular pattern, as shown in Fig. 4 (b). In such 
a symbol SO, a time axis component as well as a fre- 
quency axis component are known. 

The data speed of the pseudo random code is pref- 
erably selected as integer multiples of the OFDM sym- 
bol rate. Consequently, an integer number of pseudo 
random code information are contained in one symbol 
SO, whereby synchronization at the receiving end is eas- 
ily achieved. Further, the repetition period of the pattern 
of the pseudo random code used is preferably identical 
to the symbol period. In this case, the number of times 
of appearance of one code (e.g., "1 ") and the number 
of times of appearance of the other code (e.g., M 2 n ) are 
equal to each other, whereby the correlation at the re- 
ceiving end is easily achieved. 

The OFDM signal S shown in Fig. 4 is sent from the 
transmitting end to the receiving end through a wire or 
radio transmission line (not shown). Therefore, at the 
transmitting end (not shown), the OFDM signal S is con- 
verted into an OFDM signal in an occupied frequency 
band (its center frequency fr) of the transmission line 
from an OFDM signal in an intermediate frequency band 
(its center frequency fc). On the other hand, at the re- 
ceiving end, the received OFDM signal S is converted 
from an OFDM signal in the occupied frequency band 
of the transmission line to an OFDM signal in an inter- 
mediate frequency band for demodulating work (its 
center frequency fc) in demodulating data. In an embod- 
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iment as described below, an operation of frequency- 
converting the OFDM signal S from the occupied fre- 
quency band to the intermediate frequency band is per- 
formed using the symbol SO. The reason for this is that 
the symbol SO always includes a signal of the same pat- 
tern, whereby the change in the frequency band can be 
accurately measured from the waveform of the symbol 
SO. 

Fig. 5 is a block diagram showing the construction 
of a receiver according to a second embodiment of the 
present invention. In Fig. 5, the receiver comprises an 
input terminal I to which a received OFDM signal is in- 
putted, a frequency converter 10, a quadrature detector 
3, a Fourier transformer 4, a demodulated data detector 
5, a control signal output device 60, and an output ter- 
minal O. The quadrature detector 3 comprises a branch- 
ing filter 31 , detectors 32 and 33, and a carrier recovery 
device 34. The control signal output device 60 compris- 
es an envelope detector 61 , a reference timing genera- 
tor 62, a symbol timing synchronizing circuit 63, a sam- 
ple-and-hold device 66, and a frequency discriminator 
68. In order to clarify the correspondence, the same sec- 
tions as those in the embodiment shown in Fig. 2 are 
assigned the same reference numerals in the embodi- 
ment shown in Fig. 5. 

Fig. 6 is a waveform diagram showing signals in the 
respective sections of the receiver shown in Fig. 5. Re- 
ferring now to Fig. 6, the operations of the receiver 
shown in Fig. 5 will be described. 

An OFDM signal (see Fig. 6 (a)) in an occupied fre- 
quency band (its center frequency fr) of a transmission 
line received by the receiver is inputted to the input ter- 
minal I, and is converted into an OFDM signal in an in- 
termediate frequency band (its center frequency fc) by 
the frequency converter 10, after which the OFDM sig- 
nal in the intermediate frequency band is inputted to the 
quadrature detector 3. 

The branching filter 31 in the quadrature detector 3 
divides the OFDM signal outputted from the frequency 
converter 10 into two signals, and outputs each of the 
signals obtained by dividing the OFDM signal to the de- 
tectors 32 and 33. The carrier recovery device 34 out- 
puts an inphase carrier having a center frequency fc to 
the detector 32, and outputs a quadrature carrier having 
a center frequency fc to the detector 33. The detector 
32 multiplies the OFDM signal outputted from the 
branching filter 31 by the inphase carrier, to output a real 
part of the OFDM signal. The detector 33 multiplies the 
OFDM signal outputted from the branching filter 31 by 
the quadrature carrier, to output an imaginary part of the 
OFDM signal. That is, the quadrature detector 3 con- 
verts the OFDM signal in the intermediate frequency 
band into an OFDM signal in a base band. 

The Fourier transformer 4 collectively subjects the 
real part of the OFDM signal outputted from the detector 
32 and the imaginary part of the OFDM signal outputted 
from the detector 33 to a Fourier transform operation, 
thereby to separate a real part and an imaginary part of 



each of digital modulated waves on the frequency axis. 
The demodulated data detector 5 maps the real part and 
the imaginary part of each of the digital modulated 
waves on a complex plane, and demodulates data ob- 

5 tained by modulating each of the carriers from its 
mapped position in accordance with a threshold value 
set inside thereof. 

The operation of the control signal output device 60 
will be described in more detail. The envelope detector 

10 61 envelope-detects each of the symbols of the OFDM 
signal outputted from the frequency converter 1 0, to out- 
put an envelope signal representing an envelope of the 
symbol. The envelope signal outputted from the enve- 
lope detector 61 is fed to the reference timing generator 

is 62. 

The reference timing generator 62 previously stores 
binary pseudo random data corresponding to a particu- 
lar pattern of a symbol SO inside thereof. The reference 
timing generator 62 finds for each symbol the correlation 

20 between the envelope signal outputted from the enve- 
lope detector 61 and the stored binary pseudo random 
data along the time axis, to output a reference timing 
signal indicating whether or not the symbol SO is de- 
tected. Specifically, the reference timing generator 62 

25 outputs a reference timing signal at a high level (at a 
voltage V1) when the symbol SO including a particular 
pattern is detected, while outputting a reference timing 
signal at a low level (at a voltage V2) when a symbol Sm 
including no particular pattern is detected, as shown in 

30 Figs. 6 (a) and 6 (b). The reference timing signal output- 
ted from the reference timing generator 62 is inputted to 
a clock terminal 66c of the sample-and-hold device 66 
and the symbol timing synchronizing circuit 63. 

The symbol timing synchronizing circuit 63 outputs 

35 a symbol synchronizing signal which is synchronized 
with each of the symbols on the basis of the reference 
timing signal fed from the reference timing generator 62. 
Specifically, the symbol timing synchronizing circuit 63 
comprises a clock circuit inside thereof, and outputs a 

40 clock pulse (a clock pulse using symbol time ts as one 
period) which is synchronized with the head end of each 
of the symbols, that is, a symbol synchronizing signal 
from the clock circuit every time the leading edge of the 
reference timing signal is detected. The symbol syn- 

45 chronizing signal is inputted to a clock terminal 4c of the 
Fourier transformer 4. 

The Fourier transformer 4 collectively subjects the 
real part of the digital OFDM signal outputted from the 
detector 32 and the imaginary part of the digital OFDM 

50 signal outputted from the detector 33 to a Fourier trans- 
form operation, thereby to separate the real part and the 
imaginary part of each of the digital modulated waves 
on the frequency axis. The Fourier transformer 4 has 
the clock terminal 4c, and starts the adjustment of the 

55 time axis of a time window used for Fourier transform 
on the basis of the symbol synchronizing signal output- 
ted from the symbol timing synchronizing circuit 63 and 
starts the Fourier transform of each of the symbols. The 
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demodulated data detector 5 maps the real part and the 
imaginary part of each of the digital modulated waves 
on a complex plane, and demodulates data obtained by 
modulating each of the carriers from its mapped position 
in accordance with a threshold value set inside thereof. 

The frequency discriminator 68 frequency-discrim- 
inates each of the symbols, to generate a voltage cor- 
responding to the frequency of the symbol. The sample- 
and-hold device 66 samples and holds a frequency dis- 
criminating signal outputted from the frequency discrim- 
inator 68 when the reference timing signal at a voltage 
V1 is inputted from the reference timing generator 62 to 
the clock terminal 66c, that is, when the particular sym- 
bol SO is outputted from the frequency converter 1 0. The 
frequency discriminating signal held in the sample-and- 
hold device 66 is fed as a control signal to a control ter- 
minal 1 0c of the frequency converter 1 0. The amount of 
frequency shift of the frequency converter 10 varies de- 
pending on the voltage level of the control signal fed 
from the sample-and-hold device 66. 

When the frequency band of the OFDM signal out- 
putted from the frequency converter 1 0 is increased, the 
level of the frequency discriminating signal of the symbol 
SO outputted from the frequency discriminator 68 is also 
increased in proportion to the increased frequency 
band, whereby the voltage level of the control signal fed 
to the frequency converter 10 is increased. At this time, 
the frequency converter 1 0 increases the amount of fre- 
quency shift so as to decrease the frequency band of 
the outputted OFDM signal. On the other hand, when 
the frequency of the OFDM signal is decreased, the lev- 
el of the frequency discriminating signal of the symbol 
SO is also decreased in proportion to the decreased fre- 
quency, whereby the voltage level of the control signal 
fed to the frequency converter 10 is decreased. At this 
time, the frequency converter 10 decreases the amount 
of frequency shift so as to increase the frequency band 
of the outputted OFDM signal. As a result, the frequency 
converter 10 can correct the variation in the frequency 
band of the OFDM signal to a suitable intermediate fre- 
quency band (its center frequency fc). 

As described in the foregoing, according to the sec- 
ond embodiment shown in Fig. 5, the particular symbol 
SO is periodically detected by the reference timing gen- 
erator 62, and the frequency discriminating signal of the 
symbol SO is sampled and held as a control signal, and 
the control signal is fed back to the control terminal 1 0c 
of the frequency converter 10, whereby the precision of 
control of the amount of frequency shift of the frequency 
converter 10 can be improved. In addition, the variation 
in the frequency band is corrected by the control of the 
amount of frequency shift. Accordingly, there is no shift 
from the intermediate frequency band, whereby demod- 
ulated data can be prevented from being erroneously 
judged. 

Fig. 7 is a block diagram showing the construction 
of a receiver according to a third embodiment of the 
present invention. Sections corresponding to the sec- 



tions in the receiver shown in Fig. 5 are assigned the 
same reference numerals and hence, the description 
thereof is not repeated. It should be noted in the third 
embodiment that a frequency region energy detector 71 
s is used in place of the frequency discriminator 68 shown 
in Fig. 5, to construct a control signal output device 70. 

Fig. 8 is a waveform diagram for explaining the op- 
eration of the frequency region energy detector 71 
shown in Fig. 7. Particularly, Fig. 8 (a) shows the power 
spectrum of a symbol SO along the frequency axis, Fig. 
8 (b) shows an integrated value of the power spectrum 
shown in Fig. 8 (a), and Fig. 8 (c) shows a frequency 
region energy signal. Referring to Fig. 8, the operations 
of the receiver shown in Fig. 7 will be described. 

The frequency region energy detector 71 performs 
a sequence of operations as described below for each 
symbol in synchronization with a symbol synchronizing 
signal fed from a symbol timing synchronizing circuit 63 
to a clock terminal 71c. First, the frequency region en- 
ergy detector 71 divides carriers (which are amplitude- 
modulated by a binary pseudo random signal) distribut- 
ed in a frequency range of 0 to fs in an output of a Fourier 
transformer 4 into two regions ct1 and oc2 using (1/2)fs 
as its boundary, as shown in Fig. 8 (a), where fs is the 
frequency of a sampling clock used in the Fourier trans- 
former 4. Further, the spectrum of each of the symbols 
is folded using (1/2)fs as its boundary, whereby a high 
frequency component and a low frequency component 
respectively appear in the region al whose frequency is 
lower than (1/2)fs and the region ct2 whose frequency 
is higher than (1/2)fs. 

The frequency region energy detector 71 then 
squares and integrates a power spectrum component in 
the region ct1 and a power spectrum component in the 
region a2, respectively, to find energy E1 in the region 
a1 and energy E2 in the region oc2, as shown in Fig, 8 
(b). The energy E1 and the energy E2 are proportional 
to the average level of each of the symbols. The power 
spectrum component is squared so as to find, because 
the amplitude of each of carriers varies on the positive 
and negative sides along the time axis, the absolute val- 
ue thereof. In addition, the power spectrum component 
is integrated so as to find the average value thereof in 
each of the symbols. 

The frequency region energy detector 71 then com- 
pares the energy E1 in the region a and the energy E2 
in the region <x2, to generate a frequency region energy 
signal having a voltage value corresponding to the dif- 
ference in energy (E1 - E2), as shown in Fig. 8 (c). The 
frequency region energy signal takes a positive voltage 
value VHIGH when the energy E1 in the region <x1 is 
larger, while taking a negative value VLOW when the 
energy E2 in the region a2 is larger. In the symbol SO, 
when there is no shift in the frequency band, power dis- 
tributions in the regions <x1 and cx2 are equal to each 
other, whereby the voltage value of the frequency region 
energy signal becomes zero. Consequently, the shift di- 
rection and the amount of shift from the center frequency 
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fc are found on the basis of the polarity and the voltage 
value of the frequency region energy signal of the sym- 
bol SO. 

A sample-and-hold device 66 samples and holds 
the frequency region energy signal outputted from the $ 
frequency region energy detector 71 when a reference 
timing signal at a voltage V1 is inputted from a reference 
timing generator 62 to a clock terminal 66c, that is, when 
the particular symbol SO is outputted from a frequency 
converter 10. The frequency region energy signal held 10 
in the sample-and-hold device 66 is fed as a control sig- 
nal to a control terminal 1 0c of the frequency converter 
10. The amount of frequency shift of the frequency con- 
verter 10 varies depending on the voltage level of the 
control signal fed from the sample-and-hold device 66. 15 

When the frequency band of the OFDM signal out- 
putted from the frequency converter 1 0 is increased, the 
voltage value VHIGH of the frequency region energy 
signal of the symbol SO outputted from the frequency 
region energy detector 71 is increased in the positive 20 
direction, whereby the voltage of the control signal fed 
to the frequency converter 10 is also increased in the 
positive direction. At this time, the frequency converter 
10 increases the amount of frequency shift so as to de- 
crease the frequency band of the outputted OFDM sig- 2s 
nal. On the other hand, when the frequency band of the 
OFDM signal is decreased, the voltage value VLOW of 
the frequency region energy signal of the symbol SO is 
increased in the negative direction, whereby the voltage 
of the control signal fed to the frequency converter 1 0 is 30 
also increased in the negative direction. At this time, the 
frequency converter 10 decreases the amount of fre- 
quency shift so as to increase the frequency of the out- 
putted OFDM signal. As a result, the frequency convert- 
er 10 can correct the variation in the frequency band of 35 
the OFDM signal in a suitable intermediate frequency 
band (its center frequency fc). The control signal sam- 
pled and held by the sample-and-hold device 66 may 
be averaged over a plurality of periods of the symbol SO. 

As described in the foregoing, according to the third 40 
embodiment shown in Fig. 7, the particular symbol SO 
is periodically detected by the reference timing genera- 
tor 62, and the frequency region energy signal of the 
symbol SO is sampled and held as a control signal and 
is fed back to the control terminal 10c of the frequency 45 
converter 10, whereby the precision of control of the 
amount of frequency shift of the frequency converter 1 0 
can be improved. In addition, the variation in the fre- 
quency band is corrected by the control of the amount 
of frequency shift. Accordingly, there is no shift from the so 
intermediate frequency band, whereby demodulated 
data can be prevented from being erroneously judged. 

Fig. 9 is a block diagram showing the construction 
of a receiver according to a fourth embodiment of the 
present invention. Sections corresponding to the sec- ss 
tions in the receiver shown in Fig. 5 are assigned the 
same reference numerals and hence, the description 
thereof is not repeated. It should be noted in the present 
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embodiment that a correlation detector 81 and a peak 
value frequency detector 82 are used in place of the fre- 
quency discriminator 68 shown in Fig. 5, to construct a 
control signal output device 80. 

Fig. 10 is a waveform diagram showing signals in 
the each section of the control signal output device 80 
shown in Fig. 9. Particularly, Fig. 10 (a) shows a corre- 
lation signal along the frequency axis, Fig. 10 (b) shows 
a peak value frequency signal. Referring nowto Fig. 10, 
the operations of the receiver shown in Fig. 9 will be 
described. 

The correlation detector 81 previously stores infor- 
mation of an ideal frequency component with respect to 
a particular symbol SO as reference information. The 
correlation detector 81 finds the correlation between the 
reference information and data on the frequency axis 
outputted from a Fourier transformer 4, to output a cor- 
relation signal as shown in Fig. 10 (a). Although a cor- 
relation detecting operation in the correlation detector 
81 is performed for each symbol in synchronization with 
a symbol synchronizing signal fed to a clock terminal 
81 c from a symbol timing synchronizing circuit 63, it has 
meaning particularly when the particular symbol SO is 
outputted from the Fourier transformer 4. Therefore, de- 
scription is made of a case where the particular symbol 
SO is outputted from the Fourier transformer 4. In this 
case, the correlation detector 81 stores information with 
respect to the symbol SO as information to be detected 
in an internal memory (not shown). Both the reference 
information previously stored in the correlation detector 
81 and the information to be detected which is stored in 
the internal memory are digital pseudo random signals 
existing in a dispersion manner on the frequency axis. 
The correlation detector 81 superposes the information 
to be detected and the reference information on the fre- 
quency axis, multiplies code information included in the 
respective information, and finds the sum of the infor- 
mation. At this time, the correlation detector 81 finds the 
sum of the results of the multiplication between the in- 
formation to be detected and the reference information 
while shifting the position of the information to be de- 
tected on the frequency axis for each code. The set of 
the sums becomes a correlation signal. The correlation 
signal exhibits a peak when respective correspondenc- 
es between code information included in the information 
to be detected and code information included in the ref- 
erence information coincide with each other on the fre- 
quency axis. 

In a case where the symbol SO is outputted from the 
Fourier transformer 4, when the shift in frequency Af is 
"0 U , for example, the correlation detector 81 outputs a 
correlation signal having a peak value in the position of 
the center frequency fc, as indicated by pi shown in Fig. 
10 (a). Further, in a case where the symbol SO is out- 
putted, when the shift in frequency Af occurs on the high- 
er frequency side, for example, the correlation detector 
81 outputs a correlation signal whose peak value is shift- 
ed and is produced on the higher frequency side on the 
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frequency axis, as indicated by p2 shown in Fig. 10 (a). 
Consequently, the shift direction and the shift amount of 
the frequency can be detected from the correlation sig- 
nal. 

The peak value frequency detector 82 compares s 
the place where the peak value of the correlation signal 
outputted from the correlation detector 81 exists and the 
center frequency fc, to output a peak value frequency 
signal (see Fig. 10 (b)) having a voltage value AV cor- 
responding to the difference Af. io 

A sample-and-hold device 66 samples and holds 
the peak value frequency signal outputted from the peak 
value frequency detector 82 when a reference timing 
signal at a voltage V1 is inputted from a reference timing 
generator 62 to a clock terminal 66c, that is, when the is 
particular symbol SO is outputted from a frequency con- 
verter 10. The peak value frequency signal held in the 
sample-and-hold device 66 is fed as a control signal to 
a control terminal 1 0c of the frequency converter 1 0. The 
amount of frequency shift of the frequency converter 1 0 20 
varies depending on the voltage level of the control sig- 
nal fed from the sample-and-hold device 66. 

If the frequency band of the OFDM signal outputted 
from the frequency converter 10 is increased, the level 
AV of the peak value frequency signal of the symbol SO 2s 
outputted from the peak value frequency detector 82 is 
also increased in the positive direction, whereby the 
voltage level of the control signal fed to the frequency 
converter 10 is increased. At this time, the frequency 
converter 1 0 increases the amount of frequency shift so 30 
as to decrease the frequency band of the outputted 
OFDM signal. On the other hand, when the frequency 
of the OFDM signal is decreased, the level AV of the 
peak value frequency signal of the symbol SO is in- 
creased in the negative direction, whereby the voltage 35 
level of the control signal fed to the frequency converter 
10 is increased in the negative direction. At this time, 
the frequency converter 1 0 decreases the amount of fre- 
quency shift so as to increase the frequency band of the 
outputted OFDM signal. As a result, the frequency con- 40 
verter 1 0 can correct the variation in the frequency band 
of the OFDM signal in a suitable intermediate frequency 
band (its center frequency fc). 

As described in the foregoing, according to the 
fourth embodiment shown in Fig. 9, the particular sym- 4& 
bol SO is periodically detected by the reference timing 
generator 62, and the peak value frequency signal of 
the symbol SO is sampled and held as a control signal 
and is fed back to the control terminal 10c of the fre- 
quency converter 10, whereby the precision of control so 
of the amount of frequency shift of the frequency con- 
verter 10 can be improved. In addition, the variation in 
the frequency band is corrected by the control of the 
amount of frequency shift. Accordingly, there is no shift 
from an intermediate frequency band, whereby demod- 55 
ulated data can be prevented from being erroneously 
judged. 

Although in the above-mentioned second to fourth 
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embodiments, the symbol SO is inserted at intervals of 
15 symbols, it may be inserted at the other intervals of 
symbols. Further, although in the above-mentioned sec- 
ond to fourth embodiments, each of the symbols SO is 
constructed by amplitude-modulating only one carrier 
by a binary pseudo random code and suppressing the 
other carriers, the symbol SO may be constructed by an- 
other method, provided that it is a signal whose time axis 
component and frequency axis component are known 
and whose amplitude and phase along the time axis are 
changed in predetermined particular patterns. For ex- 
ample, the symbol SO may be constructed by a signal 
in which only one carrier is used as a non-modulated 
single tone signal and the other carriers are suppressed 
(see Fig. 1). 

Although in the above-mentioned second to fourth 
embodiments, the OFDM signal in the intermediate fre- 
quency band outputted from the frequency converter 1 0 
is inputted to the envelope detector 61 (further the fre- 
quency discriminator 68 in the second embodiment), an 
output of any one of the frequency converter 1 0 and the 
subsequent sections, that is, the frequency converter 
1 0, the quadrature detector 3 and the Fourier transform- 
er 4 may be inputted to the envelope detector 61 (and 
the frequency discriminator 68). 

Furthermore, although in the third and fourth em- 
bodiments, the output of the Fourier transformer 4 is in- 
putted to the frequency region energy detector 71 and 
the correlation detector 81 , respectively, an output of ei- 
ther one of the frequency converter 10 and the subse- 
quent section, that is, the frequency converter 10 and 
the quadrature detector 3 may be inputted to the fre- 
quency region energy detector 71 and the correlation 
detector 81. 

Additionally, although the first embodiment is so 
constructed as to correct the variation in the receiving 
level, and the second to fourth embodiments are so con- 
structed as to correct the variation in the frequency 
band, such a receiving circuit which can correct both the 
variation in the receiving level and the variation in the 
frequency band may be constructed by combining any 
one of the second to fourth embodiments with the first 
embodiment. 

Although the present invention has been described 
and illustrated in detail, it is clearly understood that the 
same is by way of illustration and example only and is 
not to be taken by way of limitation, the spirit and scope 
of the present invention being limited only by the terms 
of the appended claims. 



Claims 

1. A method of transmitting an orthogonal frequency 
division multiplexing signal for each symbol having 
a predetermined length from the transmitting end to 
the receiving end through a wire or radio transmis- 
sion line, wherein 
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said transmitting end 

continuously transmits a first symbol which in- 
cludes data to be transmitted, a multiplexing 
signal of the data randomly changing; and 
intermittently transmits a second symbol hav- s 
ing a predetermined particular pattern every 
time a predetermined number of said first sym- 
bols are transmitted; and 
said receiving end 

demodulates data on the basis of said received 10 
first symbol; and 

corrects the variation in the receiving level on 
the basis of said received second symbol. 

A receiver for receiving an orthogonal frequency di- is 
vision multiplexing signaltransmitted for each sym- 
bol having a predetermined length from the trans- 
mitting end through a wire or radio transmission line 
and demodulating data from the received orthogo- 
nal frequency division multiplexing signal, wherein 20 

a particular symbol having a predetermined 
particular pattern is intermittently inserted into 
said orthogonal frequency division multiplexing 
signal, and comprising: 2s 
automatic gain control amplifying means which 
has a control terminal and whose gain varies 
depending on a control signal inputted to the 
control terminal, to change the level of said re- 
ceived orthogonal frequency division multiplex- 30 
ing signal; and 

control signal outputting means for detecting 
said particular symbol from the orthogonal fre- 
quency division multiplexing signal whose level 
has been changed by said automatic gain con- 35 
trol amplifying means and generating a signal 
corresponding to the change in the level of the 
particular symbol, 

the signal generated by said control signal out- 
putting means being fed back as said control 40 
signal to said automatic gain control amplifying 
means, to correct the variation in the receiving 
level of said orthogonal frequency division mul- 
tiplexing signal. 

45 

The receiver according to claim 2, wherein 

said control signal outputting means comprises 
envelope detecting means for envelope-detect- 
ing each of said symbols, to outp ut an envelope so 
signal representing an envelope of the symbol, 
reference timing generating means for compar- 
ing for each symbol the pattern of said envelope 
signal with a particular pattern previously 
stored, to generate a reference timing signal in- ss 
dicating whether or not said particular symbol 
is detected, and 

sampling-and-holding means for sampling and 



holding as said control signal the envelope sig- 
nal outputted from said envelope detecting 
means when said reference timing signal rep- 
resents the detected state of said particular 
symbol. 

4. The receiver according to claim 2, wherein 

said control signal outputting means comprises 
boundary detecting means for detecting a 
boundary between said symbols and outputting 
a symbol synchronizing signal representing the 
boundary, 

symbol energy detecting means for squaring 
and integrating a signal component of each of 
said symbols in one symbol period in synchro- 
nization with said symbol synchronizing signal, 
to output a symbol energy signal representing 
the energy of the symbol, 
particular symbol detecting means for deter- 
mining whether or not said particular symbol is 
included in said received orthogonal frequency 
division multiplexing signal, and 
sampling-and-holding means for sampling and 
holding as said control signal the symbol ener- 
gy signal outputted from said symbol energy 
detecting means when said particular symbol 
detecting means detects said particular sym- 
bol. 

5. The receiver according to claim 2, further compris- 
ing Fourier transforming means for subjecting the 
orthogonal frequency division multiplexing signal 
whose level has been changed by said automatic 
gain control amplifying means to a Fourier trans- 
form operation for each symbol using a time win- 
dow, to separate a plurality of carriers on the fre- 
quency axis, 

said control signal outputting means compris- 
ing 

envelope detecting means for envelope-detect- 
ing each of said symbols, to output an envelope 
signal representing an envelope of the symbol, 
reference timing generating means for compar- 
ing for each symbol the pattern of said envelope 
signal with a particular pattern previously 
stored, to generate a reference timing signal in- 
dicating whether or not said particular symbol 
is detected, 

symbol timing synchronizing means for output- 
ting a symbol synchronizing signal represent- 
ing a boundary between said symbols on the 
basis of said reference timing signal and further 
generating a lock/unlock single representing an 
unlocked state when the receiving is started, 
while representing a locked state after the op- 
eration of said Fourier transforming means is 
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stabilized, 

symbol energy detecting means for squaring 
and integrating a signal component of each of 
carriers on the frequency axis in each of the 
symbols outputted from said Fourier transform- s 
ing means in one symbol period in synchroni- 
zation with said symbol synchronizing signal, to 
output a symbol energy signal representing the 
energy of the symbol, 

control signal switching means for selecting 10 
said envelope signal when said lock/unlock sig- 
nal is in the unlocked state, while selecting said 
symbol energy signal when it is in the locked 
state, and 

sampling-and-holding means for sampling and is 
holding as said control signal the envelope sig- 
nal or the symbol energy signal which is select- 
ed by said control signal switching means when 
said reference timing signal represents the de- 
tected state of said particular symbol. 20 

6. The receiver according to claim 5, wherein 

said symbol energy detecting means obtains 
the energy of each of the symbols by a digital 2s 
operation. 

7. The receiver according to claim 2, wherein 

said particular symbol intermittently inserted in- 30 
to said orthogonal frequency division multiplex- 
ing signal includes a signal in which only one 
carrier is left as a non-modulated single tone 
signal and the other carriers are suppressed. 

35 

8. The receiver according to claim 2, wherein 

said particular symbol intermittently inserted in- 
to said orthogonal frequency division multiplex- 
ing signal includes a signal in which only one 40 
carrier is modulated by predetermined data and 
the other carriers are suppressed. 

9. The receiver according to claim 8, wherein 

4S 

said particular symbol intermittently inserted in- 
to said orthogonal frequency division multiplex- 
ing signal includes a signal in which only one 
carrier is modulated by a pseudo random code 
and the other carriers are suppressed. so 

10. The receiver according to claim 9, wherein 

the data rate of said pseudo random code is 
selected as integer multiples of the symbol rate 
of said orthogonal frequency division multiplex- 
ing signal. 
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11. A method of transmitting an orthogonal frequency 
division multiplexing signal for each symbol having 
a predetermined length from the transmitting end to 
the receiving end through a wire or radio transmis- 
sion line, wherein 

the transmitting end 

continuously transmits a first symbol which in- 
cludes data to be transmitted, a multiplexing 
signal of the data randomly changing; and 
intermittently transmits a second symbol hav- 
ing a predetermined particular pattern every 
time a predetermined number of first symbols 
are transmitted; and 
the receiving end 

demodulates data on the basis of said received 
first symbol; and 

corrects the variation in the frequency band on 
the basis of said received second symbol. 

1 2. A receiver for receiving an orthogonal frequency di- 
vision multiplexing signal transmitted for each sym- 
bol having a predetermined length from the trans- 
mitting end through a wire or radio transmission line 
and demodulating data from the received orthogo- 
nal frequency division multiplexing signal, wherein 
a particular symbol having a predetermined partic- 
ular pattern is intermittently inserted into said or- 
thogonal frequency division multiplexing signal, and 
comprising: 

frequency converting means which has a "con- 
trol terminal and whose amount of frequency 
shift varies depending on a control signal input- 
ted to the control terminal, to change the fre- 
quency band of said orthogonal frequency divi- 
sion multiplexing signal; and 
control signal outputting means for detecting 
said particular symbol from the orthogonal fre- 
quency division multiplexing signal whose fre- 
quency band has been changed by said fre- 
quency converting means and generating a sig- 
nal corresponding to the change in the frequen- 
cy band of the particular symbol, 
the signal generated by said control signal out- 
putting means being fed back as said control 
signal, to correct the variation in the frequency 
band of said orthogonal frequency division mul- 
tiplexing signal. 

13. The receiver according to claim 12, wherein 

said control signal outputting means comprises 
envelope detecting means for envelope-detect- 
ing each of said symbols, to output an envelope 
signal representing an envelope of the symbol, 
reference timing generating means for compar- 
ing the pattern of said envelope signal with a 
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particular pattern previously stored, to gener- 
ate a reference timing signal indicating whether 
or not said particular symbol is detected, 
frequency discriminating means for frequency- 
discriminating each of said symbols, to gener- $ 
ate a frequency discriminating signal corre- 
sponding to the frequency of the symbol, and 
sampling-and-holding means for sampling and 
holding as said control signal the frequency dis- 
criminating signal outputted from said f requen- 10 
cy discriminating means when said reference 
timing signal represents the detected state of 
said particular symbol. 

14. The receiver according to claim 12, wherein is 

said control signal outputting means comprises 
envelope detecting means for envelope-detect- 
ing each of said symbols, to output an envelope 
signal representing an envelope of the symbol, 20 
reference timing generating means for compar- 
ing for each symbol the pattern of said envelope 
signal with a particular pattern previously 
stored, to generate a reference timing signal in- 
dicating whether or not said particular symbol 25 
is detected, 

frequency region energy detecting means for 
dividing a signal component on the frequency 
axis of each of said symbols into two regions 
having a predetermined center frequency as its 30 
boundary, comparing energy in the region hav- 
ing a frequency lower than the center frequency 
with energy in the region having a frequency 
higher than the center frequency, to generate a 
frequency region energy signal corresponding 35 
to the difference in energy between both the re- 
gions, and 

sampling-and-holding means for sampling and 
holding as said control signal the frequency re- 
gion energy signal outputted from said f requen- *o 
cy region energy detecting means when said 
reference timing signal represents the detected 
state of said particular symbol. 

15. The receiver according to claim 12, wherein 45 

said control signal outputting means comprises 
envelope detecting means for envelope-detect- 
ing each of said symbols, to output an envelope 
signal representing an envelope of the symbol, so 
reference timing generating means for compar- 
ing for each symbol the pattern of said envelope 
signal with a particular pattern previously 
stored, to generate a reference timing signal in- 
dicating whether or not said particular symbol ss 
is detected, 

correlation detecting means for outputting a 
correlation signal representing the correlation 




intensity between a frequency component of 
each of said symbols and a frequency compo- 
nent of said particular symbol previously stored 
and the shift from the predetermined center fre- 
quency, 

peak value frequency detecting means for de- 
tecting the frequency at which a peak value of 
the correlation intensity exists from the correla- 
tion signal outputted from said correlation de- 
tecting means and outputting a peak value fre- 
quency signal corresponding to the difference 
between the detected frequency and said pre- 
determined center frequency, and 
sampling-and-holding means for sampling and 
holding as said control signal the peak value 
frequency signal outputted from said peak val- 
ue frequency detecting means when said refer- 
ence timing signal represents the detected 
state of said particular symbol. 

16. The receiver according to claim 12, wherein 

said particular symbol intermittently inserted in- 
to said orthogonal frequency division multiplex- 
ing signal includes a signal in which only one 
carrier is left as a non-modulated single tone 
signal and the other carriers are suppressed. 

17. The receiver according to claim 12, wherein 

said particular symbol intermittently inserted in- 
to said orthogonal frequency division multiplex- 
ing signal includes a signal in which only one 
carrier is modulated by predetermined data and 
the other carriers are suppressed. 

18. The receiver according to claim 17, wherein 

said particular symbol intermittently inserted in- 
to said orthogonal frequency division multiplex- 
ing signal includes a signal in which only one 
carrier is modulated by a pseudo random code 
and the other carriers are suppressed. 

19. The receiver according to claim 18, wherein 

the data rate of said pseudo random code is 
selected as integer multiples of the symbol rate 
of said orthogonal frequency division multiplex- 
ing signal. 
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